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Abstract 

The one-tangle and vr-tangle are used to quantify the entanglement of a tripartite GHZ state 
in noninertial frames when the system interacts with a noisy environment in the form of phase 
damping, phase flip and bit flip channel. It is shown that the two-tangles behave as a closed 
system. The one-tangle and vr-tangle have different behaviors in the three channel. In the case of 
phase damping channel, depending on the kind of coupling, the sudden death of both one-tangle 
and vr-tangle may or may not happen. Whereas in the case of phase flip channel the sudden death 
cannot be avoided. The effect of decoherence may be ignored in the limit of infinite acceleration 
when the system interacts with a bit flip channel. Furthermore, a sudden rebirth of the one-tangle 
and vr-tangle occur in the case of phase flip channel that may be delayed when collective coupling 
is switched on. 
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I. INTRODUCTION 



Entanglement is not only one of the most striking properties of quantum mechanics but 
also the core concept of quantum information and quantum computation The structure 
of all the subfields of quantum information theory, such as teleportation of unknown states 
2|, quantum key distribution jsl, quantum cryptography j4| and quantum computation 
stand on ,ua„tu. e„ta„,Le„t. TKe dy„a.,cs of enta^^e.e. in various bipartite 
qubit and qutrit states have been extensively studied under various circumstances. The 
study of entanglement of various fields in the accelerated frames has taken into account 
recently and valuable results about the behavior of entanglement have been obtained j^- 



121 ] ■ The effect of decoherence on the behavior of entan glem ent under various quantum 
channels in noninertial frames have been studied in Refs. (isl . [l^ . However, these studies 
are limited only to bipartite qubit systems in the accelerated frames. Recently, the dynamics 



of entanglement in tripartite qubit systems in noninertial frames are studied in Refs. 



15 



17j. These studies show that the degree of entanglement is degraded by the acceleration of 



the frames and, like the two-tangles in inertial frames, the two-tangles are zero when one or 
two observers are in the accelerated frames. 

In this paper, I investigate the effect of decoherence on the tripartite entanglement of 
Dirac field in accelerated frames by using a phase damping channel, a phase flip channel and 
a bit flip channel. The effect of amplitude damping channel and depolarizing channel on 
tripartite entanglement of Dirac field in a noninertial frames is recently studied in Ref. 18 |. 
I consider three observers Alice, Bob and Charlie that initially share a GHZ tripartite state. 
One of the observers, say Alice, stays stationary and the other two observers move with 
a constant acceleration. I work out the effect of acceleration and of decoherence by using 
the three channels on the initial entanglement of the shared state between the observers. I 
consider different kinds of coupling of each channel with the system. For example, in one 
case each qubit interacts locally with the noisy environment. In the second case, all the 



three qubits are influenced co 
ment sudden death (ESD) [19 



lectively by the same environment. I show that the entangle- 



201 ] can either be completely avoided or can be slowed down 



depending on the various coupling of the system and a particular channel. Furthermore, 
I also show that the ESD can happen faster and becomes independent of the acceleration 
when the system interacts with a phase flip channel. 
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TABLE I: A single qubit Kraus operators for phase damping channel, phase flip channel and bit 
flip channel. 



phase damping channel 



phase flip channel 



bit flip channel 



En 



1 



^/r^ 



1 



1 



1 
1 



II. THE SYSTEM IN NOISY ENVIRONMENT 



E, 




Ei = Vp 



1 



-1 



Ei = ^ 



1 

1 



The evolution of a density matrix of a system in a noisy environment is described in terms 
of Kraus operators formalism. The Kraus operators for a single qubit system of the three 
channels that I use in this paper are given in Table 1. Each channel is parameterized by the 
decoherence parameter p that has values between and 1 . For the lower limit of p, a channel 
has no effect on the system and is said to be undecohered whereas for the upper limit it 
introduces maximum error and is said to be fully decohered. The final density matrix of a 
composite system when it evolves in a noisy environment is given by the following equation 



Pf=Yl K,K,K,...p...KlK]Kl 

i,j,k,... 



(1) 



where p is the initial density matrix of the system and are the Kraus operators that 
satisfy the completeness relation Yin ^n-^n = 1-1 consider that Alice, Bob and Charlie 
initially share the following maximally entangled GHZ state 

1 



)ABC 



V2 



{\000)A,B,C+\in)A,B., 



C) 



(2) 



where the three alphabets represent the three observers and the entries in each ket correspond 
to the three observers in the order of alphabet. From the perspective of an inertial observer, 
the Dirac fields can be expressed as a superposition _of_ Minkowski monochromatic modes 
|0)a/ = ©, |0^,,)m and |1)m = ©, |1^,)a/ Vz, with 



21 



22| 



\Ouj,)m = cosri\0^^)i\0^^)ii + sinrj|O^J/|Oa;J//, 



(3) 
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where cosrj = [^-'^'^'^i'^lo-i . The parameters cuj, c and Oj, in the exponential stand, 

respectively, for Dirac particle's frequency, speed of light in vacuum and acceleration of the 
ith observer. In Eq. ([3]) the subscripts / and // of the kets represent the Rindler modes 
in region / and //, respectively, in the Rindler spacetime diagram. The Minkowski mode 

ily nonmono chromatic Rindler mode 
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23|. Let the angular frequencies 



that defines the Minkowski vacuum is related to a higl 
rather than a single mode with the same frequency 
uji for the three observers be, respectively, given by Wq, and then with respect to an 
inertial observer |0^^^j^ ^j)a(b,c) and | Icj^^;, ^))a{_b,c) are the vacuum and the first excited states. 
Furthermore, let us suppose that each observer is equipped with a monochromatic device 
that are sensitive only to their respective modes. In order to save space and present the 
relation in simple form, I drop the frequencies in subsript of each entry of the kets. Then 
substituting the Rindler modes from Eq. (j3]) for the Minkowski modes in Eq. ([2]) for the 
two observers in the accelerated frames gives 

\i>)ABC = -^{cosrbCosrdOOOOO) A,Bi,Bn,ci,cii 

+ cos n sin rc 1 000 1 1 ) a,bi,bii,ci,cii 
+ sin Tfc cos Tc 1 1 100) a,bi,bii,ci,cii 
+ sin rfe sin rc 1 1 1 1 1 ) a,bi,bii,ci,cii 

+ \11010)a,bi,bii,ci,cii)- (4) 

Let the noninertial frames of Bob and Charlie be moving with same acceleration, then 
Tb = Tc = r. Since the Rindler modes in region II are inaccessible, tracing out over those 
modes leave the following initial mixed density matrix 

p = 1 [cos^ n cos^ 1 000) (000 1 + cos^ sin^ 1 001 ) (00 1 1 

+ sin^ cos Vc 1 1 0) (0 1 1 + sin sin 1 1 1 ) ( 1 1 1 

+ cosrbcosrc(|000)(lll| + |111)(000|) + |111)(111|. (5) 

Note that I have dropped the subsript / that indicates the Rindler modes in region /. In 
the rest of the paper, all calculations correspond to the Rindler modes in region /. 



The degree o: 
of negativity 24 



entanglement in bipartite qubit states is quantified by using the concept 



25|. It is given by 

^ab=\\pII\\-1, (6) 



where Tb is the partial transpose over the second qubit B and ||.|| gives the trace norm of 
a matrix. For a bipartite density matrix pmv,n^ii the partial transpose over the second qubit 
B is given by p^^^nu = Pmu,nfi and for the first qubit, it can similarly be defined. On the 
other hand, the entanglement of a tripartite state \iP)abc is quantified by using the concept 
of 7r-tangle, which is given by 

TTABC = ^(tT^ + TTs + TTc), (7) 

where nA{BC) is the residual entanglement and is given by 

'^A=^fliBC)-KB-^C■ (8) 

In Eq. ([H]) , Mab{ac) is a two-tangle and is given as the negativity of the mixed density matrix 
Pab{ac) = Trc{B)\ij)ABc{i>\ whereas N'a[bc) is a one-tangle and is defined as J^a{bc) = 
\\pabc\\ ~ ^■ 

Now, in the following I use the three channels to investigate the behavior of entanglement 
of the tripartite initially entangled density matrix of Eq. ([8]) in a noisy environment. 

A. Phase damping channel 

When all the three qubits are locally coupled to a phase damping channel, then Eq. ([1]) 
for the evolution of a tripartite state can be written as 

Pf = Y,iK,K,K,)p [kIk]kI) . (9) 

The Kraus operators in Eq. (|9]) with subscripts i, j, k act, respectively, on Alice's, Bob's 
and Charlie's qubits. These operators are formed from the single qubit Kraus operators of a 
phase damping channel and are, respectively, given by Ki = (i?,,®/®/), Kj = {I ®Ej 
Kk = (/ eg) / ® -Efc) with i = j = k = 0, 1. Using the initial density matrix of Eq. (jS]) in Eq. 
dnj, the final density matrix of the system is given as 

Pf = -cosV|000)(000| + -sin^ 2r(|001) (001| + |010)(010|) 
2 8 

+ ^sinV|011)(011| + ^|111)(111| 

+ ^A/(1-Po)(l-Pi)(l-P2)cos2r(|000)(lll| + |111)(000|), (10) 
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where pq, pi and p2 are the decoherence parameters of the locally coupled channels with the 
qubits of Alice, Bob and Charlie, respectively. The three one-tangles that can straightfor- 
wardly be calculated by using its definition are given as 

J^AiBC) = ^(-2 + 2 cosV + 2y/{l - po){l - Pi)(l - P2) cos^ r 



+ 2W(1 -po){l -p2)cos''r + sinV + sin^2r), (11) 



AfsiAC) = Afc{AB) = ^(-1 + 8V(1-Po)(l-Pi)(l-P2)cos4r 



+ cos4r + 2yi6(l -po)(l -Pi)(l -P2)cos4r + sin^2r). (12) 

Note that Mb(ac) = ^c(ab) shows that the two accelerated subsystems are symmetrical 
for any value of the acceleration. It can easily be checked that all the one-tangles reduce to 
[(1 — po)(l ^Pi)(l ~P2)Y^'^ when r = and for = r = 0, the resu 



t is 1, which is the result 



obtained in the rest frames both for Dirac and scalar fields [15|, |16|. It is also clear that for 
r = case, the one-tangles goes to zero when either of the three qubits is coupled to a fully 
decohered channel. Moreover, for r = 7r/4 all the three one-tangles become indistinguishable, 
that is, N'a(bc) = -^BiAC) = -^ciAB) irrespective of the value of decoherence parameter and 
of which qubit is coupled to the channel. Also, in this case the one-tangle is lost only when 
either of the three local channels is fully decohered. However, the initial entanglement is 
small enough as compared to the case for r = 0. For example, when only one qubit is locally 
coupled to the channel, the initial value of the one-tangle is 0.4 for pi = 0. This shows 
the strong dependence of the one tangle over the acceleration. However, the on-tangles are 
different for other values of the acceleration. To see the behavior of the one-tangles for 
other values of the acceleration, I plot it against the decoherence parameters for r = 7r/6 in 
Fig. l{a,b). Fig. la shows the behavior of the one-tangles when only one qubit is locally 
influenced by the channel. This behavior does not change by switching the coupling of the 
channel from one qubit to another, that is, whether it's plotted against po or Pi{p2), which 
means that the one-tangles are symmetrical in the phase damping environment. It can 
be seen from the figure that both N'a(bc) and N'b{ac){.-^c(ab)) varies identically with the 
increasing value of decoherence parameter, however, the acceleration effect is different on 
both of them. Like for the case of r = and r = 7r/4, the one-tangles goes to zero only when 
the channel is fully decohered, which shows that no sudden death occurs. The behavior 



6 



of one-tangles when all the three qubits are under the influence of collective environment 
{po = Pi = P2 = p) is shown in Fig. lb for r = 7r/6. In this case, the one-tangles are heavily 
damped by the decoherence parameter as compared to Fig la and become indistinguishable 
at p = 0.85. 

Next, I flnd the two-tangles according to the deflnition given above. Taking partial trace 
of the flnal density matrix of Eq. (fTOj) over the Bob's qubit or Charlie's qubit leads to the 
following mixed state 

PAB(AC) =pSc' =^(cosV|00)(00| + sinV|01)(01| + |ll)(ll|). (13) 

Since non of the elements of the density matrix depends on the decoherence parameter, the 
two-tangles are unaffected by the noisy environment. Similarly, one can straightforwardly 
prove that tracing over Alice's qubit leads to a density matrix whose every element is in- 
dependent of the decoherence parameter. From these matrices it can easily be verifled that 
■^AB = -^AC = -^BC = 0. The zero value of all the two-tangles verifles that no entanglement 
exists between any two subsystems of the tripartite state. 

I am now in position to flnd the vr-tangle by using its deflning Eq. ([7]). Since all the 
two-tangles are zero, the vr-tangle simply becomes 

T^ABC = 2 i-^AiBC) +^B{AC) + -^C(AB)) 

= ^[8(-2 + 2 cos^ r + 2^(1 - Po)(l - - P2) cos^ r 

-\- 2\J [1 — po)(l — ~ P2) cos^ r -|- sin® r 4- sin^ 2r)^ 

+ (-1 + 8a/(1 -po)(l - J5i)(l -P2) cos^r cos4r 

+ 2^16(1- po)(l-Pi)(l-P2) cos4 r + sin^ 2rf]. (14) 

From Eq. f|T^ . it can easily be verifled that for the case of inertial frames the vr-tangle 
reduces to (1 — pi) when only one qubit is locally coupled to the noisy environment. This 
is easy to check that this result goes to zero only when the decoherence parameter is 1. 
Moreover, for any acceleration, the vr-tangle does not depend on whether the stationary 
or the accelerated qubit is coupled to the environment. In Fig. 2, I plot the vr-tangle 
for different accelerations when only one qubit is coupled to the environment. It can be 
seen that the vr-tangle is lost only when the channel is fully decohered and thus no sudden 
death occurs in this case as well. I have also plotted the vr-tangle for the case of collective 
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environment in the same figure. The graphs show that the sudden death can happen when 
the system is influenced by collective environment. 

B. Phase flip channel 

When the three qubits are locally coupled to a phase flip channel, the flnal density matrix 
of the system is again given by Eq. The subscripts and the number of Kraus operators 
are the same as described for the previous case, however, these are now made from single 
qubit phase flip Kraus operators. The flnal density matrix of the system in this case becomes 

= lcosV|000)(000| + -sin2 2r(|001)(001| + |010)(010|) 
2 8 

+ -(1 - 2j9o)(l - 2j9i)(l - 2p2) cosV(|000)(lll| + |111)(000|) 

+ ^sinV|011)(011| + ^|111)(111|. (15) 

Using the deflnition of one-tangle, the three one-tangles in this case become 

AfA^BC) = l/4(-2 + 2cosV(|(l - 2po)(l - 2p,){l - 2p2)\ + cosV) 

+ 2^J{1- 2po)^(l - 2pi)2(l - 2j92)2 cos^ r + sin^ r + sin^ 2r) 
AfBiAc) =Afc{AB) = ^(-4 + 4|(l-2po)(l-2pi)(l-2|>2)|cosV + 4cosV 

o 

+ 4 sin^ r + sin^ 2r + y^l6(l - 2po)^(l - 2pi)2(l - 2^2)^ cos^ r + sin^ 2r) (16) 

where, |.| represents the absolute value. Once again, the equality between the one- 
tangles for the accelerated frames shows the symmetrical nature of the problem. Also, 
for r = 0, the three one-tangles are indistinguishable, as expected, and are given by 
1(1 — 2po)(l ^2pi)(l — 2^2)1- This shows that the one-tangles vanishes at Pi = 0.5 irre- 
spective of which qubit is locally coupled to the noisy environment. For undecohered case, 
this leads to the result of static frames. Again, like in the case of phase damping channel, all 
the one-tangles becomes indistinguishable at r = ir/A, however, unlike the phase damping 
channel it goes to zero at pi = 0.5. This means that the phase flip channel destroys all the 
one-tangles earlier, in other words, the tripartite entanglement is caused to sudden death. 
The one-tangles are shown in Fig. 3a for r = ir/Q when only one qubit is locally influenced 
by the phase flip channel. It is important to mention here that the channel effect is locally 
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symmetrical for both inertial and noninertial qubits. One can see that initially the one- 
tangles are acceleration dependent and this dependence on acceleration gradually decreases 
as the decoherence parameter increases and the difference vanishes near pi = 0.5. This shows 
that the one-tangles are heavily damped by the decoherence parameter in comparison to the 
damping caused by the acceleration. Hence one can ignore the acceleration effect near a 
50% decoherence level. All the one-tangles become zero at pi = 0.5, which in fact happens 
for any acceleration. Interestingly enough, the one-tangles' sudden rebirth takes place for 
values of pi > 0.5 irrespective of the acceleration of the frames. However, the regrowing rate 
is different for different values of acceleration. This means that at 50% decoherence level all 
the tripartite entanglement first shifts to the environment and then part of it shifts back to 
the system at values of decoherence parameter higher than this value. In Fig. 3b, the effect 
of collective environment on all the one-tangles is shown for r = n/Q and r = tt/A. It can 
be seen that the damping caused by the collective environment is heavier than the damping 
in one qubit local coupling case and a sudden death prior to a 50% decoherence level may 
happen. Moreover, the sudden rebirth of the one-tangles is also delayed. 

One can further verify that by taking partial trace of Eq. ( ITSj) over Bob's or Charlie's qubit 
leads to the same result as given in Eq. f|T3|) . This means that no bipartite entanglement 
exits for this case as well, because all the two-tangles are zero as before. The vr-tangle can 
be found straightforwardly as done in the previous case, which is one-third of the sum of 
the squares of the three one-tangles. It is given by 

T^ABC = ^[2{-2 + 2 cos' r ( I (1 - 2po) (1 - 2pi) (1 - 2^2) | + cos' r) 

+ 2sJ{l- 2po)'(l - 2pi)2(l - 2p2y cos^ r + sin^ r + sin' 2rf 

+ (-4 4 |1 - 2po| |1 - 2pi\ |1 - 2p2\ cos'r + Acos^ r + Asm!^ r 

+ sin' 2r+^ 16(1 - 2po)'(l - 2pif{l - 2^2)' cos^ r + sin^ 2rf]. (17) 

I plot it for one qubit local coupling case for r = vr/G, 7r/4 in Fig. 4. It can be seen 
that the vr-tangle is strongly acceleration dependent for the lower limit of the decoherence 
parameter. However, as the decoherence parameter increases, the acceleration dependence 
decreases and it goes to zero, irrespective of the value of acceleration, at pi = 0.5. The 
sudden rebirth of the vr-tangle is not as quick as in the case of one-tangles. This behavior 
of the vr-tangle does not depend on which one qubit is coupled to the environment. I have 
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also plotted the vr-tangle for the case of collective environment for r = vr/G, 7r/4. The figure 
shows that the sudden death is faster when the system evolves under collective environment 
and the rebirth is quite delayed. 

C. Bit flip channel 

Finally, I investigate the effect of bit flip channel on the entanglement of the tripartite 
system. When each qubit is locally coupled to the channel, the final density matrix of the 
system is again given by Eq. and the Kraus operators have the same meaning as before. 
However, these are now made from the single qubit bit flip channel in the same way as 
mentioned earlier. Instead of writing the mathematical relations for one-tangles, which are 
quite lengthy, I prefer to see the effect of decoherence only for special cases. Unlike the two 
previous cases, the one-tangles for the accelerated observers are not always equal. Similarly, 
for r = case, the equality of one-tangles depends on which qubit is locally coupled to the 
noisy environment. For example, when only Alice's qubit is locally coupled to the channel, 
then N'b{ac) = J^c{ab) = 1 and AfAiBC) = —1 + 2 a/ 1 — 2pQ + 2p1 and if Bob's qubit is under 
the influence of the channel then N'a{bc) = J^c{ab) = 1 and A/b(ac) = —1+2^1 — 2pi + 2p\. 
A similar relation exists when only Charlie's qubit is coupled to the environment. On the 
other hand, all the three one-tangles are equal when the system is coupled to collective 
environment and are given by —1 + 2\f2\J (—1 + p^V^ + 2 ^^1 — 6j9 + 16p^ — 20p^ + lOp^. A 
similar situation arises for r = 7r/4 as well. That is, two one-tangles are always equal and 
like for r = case, the equality between two one-tangles depends on which qubit is under 
the action of the channel. However, unlike r = case, non of the one-tangles is always 
equal to 1, that is, every tangle is decoherence parameter dependent. Fig. 5a shows the 
dynamics of the one-tangles for r = 0, -7r/4 when only Alice's qubit is locally coupled to the 
channel. The acceleration dependence of the one-tangles can easily be seen as compared to 
r = case. Also, N'b(ac) = -^ciAB) for the whole range of decoherence parameter. Even 
though the behavior of each one-tangle is symmetrical around 50% decoherence level, the 
damping is more for N'a(bc)- The interesting features are the symmetrical increase beyond 
50% decoherence level of each one-tangle back to its initial value for a fully decohered channel 
and the occurrence of no sudden death even in the limit of infinite acceleration. The behavior 
of one-tangles for the case of collective environment is shown in Fig. 56. Even in this case 
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of strongly decohered system, there is no sudden death of any one-tangle. The second 
remarkable feature is the three regions where the subsystems become indistinguishable, that 
is, for lower limit, intermediate range and upper limit of the decoherence parameter. In 
Fig. 6, the results of one-tangles are plotted for r = 7r/6 against the decoherence parameter 
when Alice's qubit interacts with the channel. Again, each one-tangle is symmetrical around 
Pi = 0.5, however, they are affected differently. It can be seen that there are different 
particular couple of values of the decoherence parameter at which all the three one-tangles 
are same and the subsystems become indistinguishable. Interestingly, in between these 
points, the one-tangles of the accelerated observers are less effected than the one-tangle of 
the static observer. 

Like in the previous two cases, all the two-tangles are zero in this case as well. The 
TT-tangle can be found similar to the previous two cases. To see how it is effected by the 
noisy environment, I plot it in Fig. 7 against the decoherence parameter for different values 
of the acceleration. The figure shows the behavior of vr-tangle for the case when only 
one qubit is influenced by the channel. This behavior of the vr-tangle does not change by 
switching the coupling of the channel from one qubit to another, which shows that the 
TT-tangle is invariant with respect to the local coupling of the channel with a single qubit. 
The acceleration dependence of the vr-tangle is quite clear from the figure. It can also be 
seen that the damping caused by the decoherence parameter is heavy for small values of the 
acceleration as compared to the case of large values of the acceleration. In other words, the 
effect of decoherence diminishes as the acceleration increases. This means that in the limit 
of infinite acceleration the decoherence effect may be ignored. The behavior of vr-tangle 
when the system is under the action of collective environment has also been plotted in Fig. 
7 for two different values of the acceleration. In comparison to single qubit coupling, the 
damping is heavier, however, no sudden death occurs. 

III. SUMMARY 

In conclusion, the effects of different channels on the tripartite entanglement of GHZ 
state in noninertial frames by using one-tangle and vr-tangle as the entanglement quantifier 
are investigated. It is shown that non of the reduced density matrix of any two subsystems 
depends on the decoherence parameter irrespective of the channel used. That is, the reduced 
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density matrices of the subsystems behave as closed systems for which the two-tangles are 
always zero. This means that no entanglement exists between two subsystems. In other 
words, the entanglement resource cannot be utilized by any two observers without the co- 
operation of the third one. Under the influence of phase damping and phase flip channels, 
the one-tangles of the accelerated observers are indistinguishable for the whole range of ac- 
celeration and decoherence parameters. Similarly, in the limit of infinite acceleration all the 
three one-tangles are equal which shows that all the subsystems are equally entangled. On 
the other hand, the situation is different when the system is coupled to a bit flip channel. 
That is, the equality between any two one-tangles depends on which qubit is coupled to the 
channel. In other words, the share of entanglement between subsystems is dependent on 
the coupling of a particular qubit to the channel. This asymmetry of the one tangles can 
be used to identify the frame of the observer coupled to the noisy environment. Also, under 
no circumstances the three one-tangles become equal for the whole range of decoherence 
parameter, except for a couple of values, when the system is coupled to a bit flip channel. In 
the case of phase damping channel, no sudden death of any one-tangle happens under local 
coupling of any qubit with the channel. However, it goes to zero when the channel is fully 
decohered. The sudden death of one-tangles may happen when the system interacts with 
collective phase damping channel. Under the action of phase flip channel the one-tangle 
sudden death occurs for every acceleration and then a sudden rebirth of the one-tangle that 
increases as the decoherence parameter increases. In the case of bit flip channel, the one- 
tangle always survives and the effect of decoherence may be ignored in the range of large 
acceleration. The sudden death of vr-tangles may or may not happens under the action of 
phase damping channel. Whereas it's sudden death cannot be avoided when the system is 
influenced by phase flip channel. The vr-tangle is never lost when the system is coupled to 
a bit flip channel. Which means that the entanglement of tripartite GHZ state is robust 
against bit flip noise. The fact that both one-tangles and vr-tangle are never lost in bit flip 
channel may be useful for faithful communication in noninertial frames. Finally, it needs to 
be pointed out that the presence of a noisy environment does not violate the CKW inequality 
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26| M\b + M\c ^ ■^A(BC) GHZ initial state in the noninertial frames. 
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FIG. 1: (color online) (a) The one-tangles, for r = vr/G, are plotted against the decoherence 
parameter p when only one qubit is coupled to the phase damping channel, (b) The one tangles, 
for r = tt/G, are plotted against p when all the three qubit are influenced collectively by the same 
phase damping channel. 
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FIG. 2: (color online) The vr-tangle is plotted against the decoherence parameter for r = vr/G and 
r = tt/4: both for one qubit coupled with the phase damping channel and for all the three qubit 
coupled collectively with the same phase damping channel. 
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FIG. 3: (color online) (a) The one-tangles, for r = vr/G, are plotted against the decoherence 
parameter p when only one qubit is coupled to the phase flip channel, (b) The one tangles, for 
r = 7r/6, are plotted against p when all the three qubit are influenced collectively by the phase flip 
channel. 
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FIG. 4: (color online) The vr-tangle is plotted against the decoherence parameter for r = vr/G and 
r = 7r/4 both for one qubit coupled with the phase flip channel and for all the three qubit coupled 
collectively with the same phase flip channel. 
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FIG. 5: (color online) (a) The one-tangles, for r = and r = 7r/4, are plotted against the 
decoherence parameter p when only Alice's qubit is coupled to the bit flip channel, (b) For the 
same two values of acceleration, the one-tangles are plotted against the decoherence parameter 
when the collective environment is switched on. 
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FIG. 6: (color online) The one-tangles are plotted against the decoherence parameter for r = vr/G 
when only Alice's qubit is locally coupled to the bit flip channel. 




FIG. 7: (color online) The vr-tangle is plotted against the decoherence parameter for r = vr/G and 
r = 7r/4 both for one (Alice) qubit coupled with the bit flip channel and for all the three qubit 
coupled collectively with the same bit flip channel. 
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